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Abstract 
This paper investigates the features of embodied energy flow network between Chinese industries to show the 
relationships between industries in the perspective of energy. Firstly we calculated embodied energy flow between 
each couple of industries based on ecological input-output table. Then we build 5 networks in the year of 1987, 1992, 
1997, 2002 and 2007. After that, the features of these networks are analyzed based on complex network theory. The 
network scale, network density, weighted degree and betweenness centrality are utilized as indicators. Our result 
shows: The basic network features change little during research period. Industries that have most embodied energy 
flows changes from oil related industries to coal related industries. Two kinds of industries have the power to control 
other industries: industries with most weighted embodied flows and industries have close relationship with people’s 
daily life. 
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1. Introduction 
When industries transfer products or services to each other, they transfer embodied as well. Embodied 
energy is the amount of energy used in the production, manufacture, use and disposal of a good or service. 
Researchers have long studied embodied energy [1-7]. Embodied flows between industries compose a 
network which shows the connections between industries in the perspective of energy. This paper tries to 
investigate the features of embodied energy flow network between Chinese industries in the year of 1987, 
1992, 1997, 2002 and 2007.  
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2. Data and Method 
The data source of this research includes: China input output table 1987, 1992, 1997, 2002 and 2007, 
which are published by China statistical bureau [8] and China energy statistical yearbook [9]. The energy 
embodied in the product of each industry is calculated by reference to Chen’s researches [10-13], where 
the details of the methodology can be found. 
This research includes three main processes: calculating the embodied energy flow between each 
couple of industries, constructing the embodied energy flow network for each year, and research on the 
features of these networks based on complex network theory. The network scale, network density, and 
important industries are analyzed after the construction of networks in each year. 
3. Results 
3.1.
 
Network Scale and Density 
We build 5 directed weighted networks where industries are nodes and embodied energy flows are edges. 
In order to show key relationships with big weight, we simplified these networks by remaining 80% 
embodied energy flows. The network scale and density of the original networks and final networks are 
shown in Table 1.  
Table 1 shows that: (1) the network scale changed little during our research period. Even though the total 
number of industries changed among different years due to changes in the statistical standards of China, 
which cannot be unified reasonably, we still find that RI/TI and RC/TC varies between a small scale. 
(2)These changes show little connection with years, which means there is no significant tendency to 
become larger or smaller from 1987-2007. (3) The network density also changes little. The network 
densities in the original networks are much bigger than final networks. Network density can be calculated 
as D=M/(NЬ(N-1)), where D is network density, M is the number of edges in the network, and N is the 
number of nodes in the network. 
Table 1: statistical factors about the network scale and density 
Year Total number of industries (TI) 
Total number 
of edges (TC) 
Remained 
industries (RI) 
Remained 
edges (RC) RI/TI RC/TC 
Original 
density 
Final 
density 
1987 100 7820 80 282 0.800 0.036 0.790 0.045 
1992 118 11550 106 570 0.898 0.049 0.837 0.051 
1997 124 11567 109 532 0.879 0.046 0.758 0.045 
2002 122 11423 111 561 0.910 0.049 0.774 0.046 
2007 135 13863 106 499 0.785 0.036 0.766 0.045 
3.2.
 
Weighted Degree of Industries 
The weighted degree of a node is the sum of all of the weighted values of its edges and can be 
calculated using equation (1) [14], where Si is the weighted degree of node i, Ni is the set of nodes 
including adjacent nodes of node i, and ωij is the weight of the edge between node i and node j. In our 
networks, weighted degree measures the total embodied energy flows of a specific industry.  
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We list top 10 industries in weighted degree in Table 2. As we can see, there are some industries keep 
in top 6 in weighted degree: coal mining, coal washing, oil mining, oil refining, electricity and hot water 
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production and supply and construction, indicating that those industries play important roles in embodied 
energy transfer in the networks of every year we considered. Secondly, industry that has the highest 
weighted degree is oil related industries in the beginning while it turns out to be coal related industries in 
other years, which indicates that coal takes the most important role in China’s development after 1992 
while oil is the basement in 1987. Lastly, industries ranked 6 to 10 in weighted degree varied during our 
research period. 
Table 2: Top 10 industries in weighted degree in the embodied energy flow network of 1987, 1992, 1997, 2002 and 2007 
Year Top 10 industries in weighted degree 
1987 Oil refining. Oil mining. Coal mining. Production and supply of power, steam and hot water. Construction. Rolling and 
smelting of ferrous metal. Chemical fertilizers. Planting of grain crops. Manufacture of cement. Manufacture of organic 
chemicals. 
1992 Coal mining. Production and supply of power, steam and hot water. Oil refining. Rolling and smelting of ferrous metal. 
Construction. Oil mining. Domestic commerce and foreign trade. Chemical fertilizers. Manufacture of cement. 
Manufacture of brick, lime and light construction materials. 
1997 Coal mining and processing. Electricity production and supply. Oil refining. Construction. Steel processing. Crude 
petroleum products. Crop cultivation. Manufacture of cement. Metal products. Chemical fertilizers. 
2002 Coal mining and processing. Electricity production and supply. Processing of oil and nuclear. Construction. Steel 
processing. Extraction of petroleum and natural gas. Agriculture. Manufacture of plastic. Metal products. Manufacture 
of basic chemicals. 
2007 Production and supply of electric power and heat power. Mining and washing of coal. Rolling of steel. Processing of 
petroleum and nuclear fuel. Construction. Extraction of petroleum and natural gas. Manufacture of basic chemical raw 
materials. Coking. Manufacture of metal products. Manufacture of electronic component. 
3.3.
 
Betweenness Centrality 
Betweenness centrality measures how much the node controls the relationships between other nodes. 
In the embodied energy flow networks, nodes with high betweenness centrality control key channels for 
embodied energy flows. Betweenness centrality can be calculated using equation (2) [14], where CBi is 
the betweenness centrality of node i, σst is the number of shortest paths between node s and node t, and 
σst(vi) is the number of shortest paths between s and t that pass through vi. Top 10 industries in embodied 
energy flow network of each year are shown in Table 3. 
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The top ten highest betweenness centrality can be divided into two groups: industries with high 
weighted degree (bolded display in Table 3) and industries have close relationship with public’s daily life 
include industries about food, clothes, transportations, and commercial. Even though there exit exceptions 
(like machinery manufacturing), we can still say that industries those have much weighted degree in the 
embodied energy flow networks as well as industries those have close relationship with people’s daily life 
have the control power in the networks. Further, during 1992, 1997 and 2002, the industries with highest 
betweenness centrality are commercial related industries with quite high values, indicates that commercial 
related industries are intermediate industries in the embodied energy flow networks during these 3 years 
and their roles are very significant. 
Table 3: Top 10 industries in betweenness centrality in the embodied energy flow network of each year 
Year Top 10 industries in betweenness centrality and its value 
1987 Oil mining (0.12). Manufacture of special industry equipment (0.112). Rolling and smelting of ferrous metal (0.095). 
Other machinery (0.071). Production and supply of power, steam and hot water (0.051). Oil refining (0.045). Other 
electrical machinery and equipment (0.029). Manufacture of organic chemicals (0.027). Manufacture of auto mobile 
(0.023). Road Freight (0.023). 
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1992 Domestic commerce and foreign trade (0.366). Production and supply of power, steam and hot water (0.129). 
Rolling and smelting of ferrous metal (0.087). Coal mining (0.080). Construction (0.078). Oil refining (0.069). 
Other machinery (0.053). Manufacture of auto mobile (0.033). Cotton textile (0.027). Other life products (0.025). 
1997 Wholesale and retail trade (0.317). Production and supply of power, steam and hot water (0.226). Construction (0.101). 
Steel processing (0.090). Coal mining and processing (0.078). Crop cultivation (0.070). Metal products (0.059). Other 
electric machinery and equipment (0.049). Oil refining (0.035). Cotton textile (0.035). 
2002 Wholesale and retail trade (0.458). Production and supply of power, steam and hot water (0.345). Construction 
(0.155). Steel processing (0.097). Catering (0.094). Coal mining and processing (0.072). Agriculture (0.064). Metal 
products (0.054). Other general equipment (0.050). Textile and garment, shoes, cap products (0.045). 
2007 Production and supply of electric power and heat power (0.106). Mining and washing of coal (0.070). Steel processing 
(0.050). Manufacture of auto mobile (0.047). Other general equipment (0.032). Metal products (0.028). Processing of 
petroleum and nuclear fuel (0.028). Agriculture (0.024). Manufacture of basic chemical raw materials (0.016). 
Manufacture of electronic component (0.015). 
4. Conclusions 
This paper can be treated as an attempt to investigate the features of embodied energy flow network 
between Chinese industries and its changes among years. The Chinese input-output tables of 1987, 1992, 
1997, 2002 and 2007 with most detailed industry segmentation are selected as our data source. Our main 
findings include: 
(1) During our research period, the network scale and density changed little. Most embodied energy 
flows between industries happened in 3.6%-4.9% connections between industries. 
(2) In 1992, 1997 and 2002, the industries with highest betweenness centrality are commercial related 
industries during that period, indicates commercial related industries are intermediate industries during 
that time. 
(3) Industries with the top ten highest betweenness centrality can be divided into two groups: 
industries with high weighted degree and industries have close relationship with public’s daily life, which 
means these industries can control the relationships of other industries and thus need to be taken care of. 
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